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RESULTS OF CHAMBRAGE EXPHRIMENTS ON GIUNS
WITH EFFECTIVELY INFINITZ LENGTH CHAMBERS

Preparsd by:

A, E, S8eir91 and V. C. D, Dewson

ABSTRACT: In previous work the effect of chambrage, the ratio ¢“ the
diameter of the propellant chamber to the barrel bore of a gun, has been
analysed theoretically. This analysis has been applied to a gun of
effectively infinite chamber length and of varying chamber diameters in
which the propellant is all burned before the projectile begins to move.
The present paper describes experiments performed to check the theo-
retical results. Thess were conducted with two different length 0.50
caliber gun barrels and with chambers of various diameters up to 2.44
inches, Air was compressed in the chamber behind light plastic pro-
Jectiles, which were releasad at the prooer pressures, 1iie projectiles
broke timing wires outsjde of the gun barrel, yielding projectile ve-
locities. The experimzntal and theoretical results are in very good
agreement,
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This meport pressnts thc results of an axperimental study of sun chambragze
(the ratio of the propellant ~hamber diametar to barrel bore) on the
muzzle velocity of guns. The experiments were performed on a simplified
gun system to which the theoretical results iescribed in NAVORD Reports
2691 and 3635 wers applicable., The uitimate aim of this study is to
obtain high gun velocities from an increase in our knowledge of interior
ballistics., The work was carried out under project No. FR-33-(54). The
authors are indebted to Dr, Z. I. Slawzky for his aid ir designing these
experiments and also wish to express their thanks to Mr, G, Crist and

¥r, J. Pitzpatrick for their help in performing the experiments,

JOHN T. HAYWARD
Captain, WSN
Commander

H. H. KURZWEG
By direction
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RESULTS OF CHAMBRAGE ZXPERIMENTS ON GUNS
WITH EFFECTIVELY INFINITE LENGTH CHAMBERS

INTRODUCTION

l. In ballistic caloulations the offect of chambrage, the ratio of the
dianeter of the propellant chamber to the barrel bore, on the muazle
velooity of guns is usually taken into aecount by assuming that the
sotual chamber can be replaced by an equalevolume, imaginad chamber of
orosse=seotional area equal to the bore orcsse-sectional area, Experimen-
tal results of gun firings are inoconolusive as to the validity of this
assusption,

2., In an effort to understand the geometric affect of chambrage in guns,
theoretical work was done on . simplified gun system with welledetermined
initial conditions, The resulta of the theorstical work are reported

in references (a) and (b), wherm a qualitative picture of the effect of
chazbrage in guns, as well as quantitative results applicadle to the
simplified gun system, are presented, In order to check the theoretical
results, chambrags experiments were performed at the Raval Ordnance
laboratory, This paper presents the results of these experiments,

FREVIOUS THEORETICAL WORK

3. In references (a) and (b) 4t is shown that the junotion between
unequal orvgs=sectional areas of the chambered gun gives rise to oom=
pression impulses which increase the projectile velocity. This increase
in projectile velocity is greatsr for the cases of large chambrages and
vanishes for the constant-cross-ssotiomale-area gun,

4o The quantitative analysis of chambrage was pesrformed for the following
conditions:

&, The obswber and the bore are cylindrical,

b, The propellant gas is all burned and at rest at known pressure
and teaperature before the projectile begins to move,

¢, The propellant gas is an ideal gas, and each part expands
isentropically,

d, The chambar is of sufficient length so that ths bresch has nu
effact ed the projeotiie motion,

Thus, by (b) and (d) above the effects of the propellant burning during
firing and of tho breech ar not present (but the influence of chambrage

1
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is)., The change of state of the propsllant gas in pa.sing thraugh tha
trarsition seotion hetween the cramber and barrel bore was obtainad by
appiying the steady state equations of continuity and energy, One-
dimensional unasteady flow was assumed in all other parts of the gun,

5, With the above assumptions, the influence of chamurage is caloulated
in references (a) and (b), The terz "optimm chamhrage" designatas an
infinite ratioc of chamber diametar to tarrel bdore, It is shown that this
most favorable condition of chambrage yiclds a maximum possible projsae
tile velocity for given wvalues of projectile mass, projectils travel,
bore oross-sectional area, propellant gas sound velocity, and peak gas
pressure, Ourves of the dimensionless projsctile velooity versus
dimensionless travel for the optimum-chambrage gun and for the conatante
diamater gun (i,8,, with chambmge equsl to one?an shown in FMgure 1
(talen froe reference (a)), Tho propellant gas was assumad tc have a
specific beat ratio j = 1.4,

6, The optimmm-ohambrags gun gives velocitias which can be as much as
28 peruent highsr than those given by the constant~diameter gun for a
¥ = 1.4 gas, Reference (b) demonstrates that the velocity increase,
expressed as a percentags of the maximum possible velocity inoreass
above that for no chambrage, is a function of the chambar=to=bore
diameter ratio, D7/D;. This relatiocn is shown in Pignen 2 ua the soldd
line, Por example, {t is sess from this figure that o a gun with
Dlh/flz equal to 1,5, 50 porcent of the possible chambrage inoreasse is
achieved,

DESIGR OF THE FXPERIMENT

7. Iroa the theoretical analysis i¢ is evident that the muszle vslooity
is a funotion of chambmage and the gun systsm paranster, p o only,
This makes it posaidble to simulate 60,000 pal propellant bohaviof by
performing experiments with lo'-pnssuro air, Mrther, lcx-pressure alr
is approxizmately an ideal gas; and the theoreticsl analyais asmumes a
propsllant gas which is ideal,

8. laxrmatory guns wish various degrees of chambrags were constructed,
To insue effectively equilibrium conditions, the low=pressure air at
room teuperature is blad very slowly into the chamber, The projsctils
is releassad av the desired pressure by the rupture of a shear disc made
integral with it. Muzzle wvelocities are obtaindd by the breaking of
timing screens outside »~f ths oun by the nrojesctile,

9, Sinoe ths theory srediets that the sffsct of chambrage is relaiively
large only tor muzzle velocities more than about 1.5 times tha sound
speed in *the nndisturbsd propellant gas, a barrel length and projectils
mas3 wers chosen to give muazls veloclitias about two times this sound
apsed (sse Pisures 1 and 2), After the barrel length was known, the
chamler langtly #as chosen as follows: Plcoturing the gas axpansion as a

2
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transisnt traveling wave phencmenon, »na sses that the maximum useful
ohamber length is that which just permits the mrefaction front gen.
eMated at the beginning of nrojectile motion to ovartaks the projece
tile at the wusszle after having been reflected at the breech, This
length was obtained from reference (b) (whers it was designated as the
effectively infinite length), and the chambers were made considerably
longer,

DERCRIPTION OF EXPERIMENTAL APPARATUS

10, 7The test scheme was to use the shear=type projectile menticned
above, whiok ruptured at approximately 3,000 psi of air at rooz
temperaturo, Supsrsonio velocities (referred to the sound speed in
the undisturbed propellent gas) ware obtained by limiting the projece
tile weight to approximately 1 gram, Five chambers of different
diametsor were used in the tests in conjunction with two barrels having
different lengths of travel, It was tnus possible to have ten dif-
ferent firing conditions, Approximately ten rounds were fired with
sach ocombination, Muszle velocity was determined by a chronograph
system consisting of three soreens, which opsrated two alectronioc
counters, The projectile was caught in a mutt from whioh it was
recovered and weighed,

11, Rgures 3 = 6 are pioctures of the sxperimental apparatus,

Chamber diamatsrs of 0,5207, 0,575%, 0,75", 1,125%, and 2,44" were used.
The lsngth of each chamber was somewhat over 16 inches to insure that
no reflected marefaction would reach the projectile bdefore shot sjection
(sse Pgure 7 for schematic drawing), Both barrels had smooth bores
and were 0,520" in dismeter, Their lengths were 77.5 cm, and 42,5 om,

12, Mgure 3 shows the 77.5 cm, barrel mounted in the 1,125" chamber,
A stesl nut was used to join the chambar and barrel, Om the chamber
side of this nut a 60° inoluded angle was machined to facilitate smooth
flow of the air in this section (Mgure 7),

13, Mgure 4 shows a disassembled view of the 1,125" chambsr, The
tubs shown in the foreground .s the 0,75" chamber, which was so ocon-
structed that it it smugly into the 1,125 chamber, belig anchored

.at the front by the nut and in the back by the apirsl apring showm in

the pioture, Two projestiles are alsc shown in thies figure, Thease
were designed as shown in Figurs 7, Part 1 fit into the barrel, which
was then screwsd lnto the nut tight encugh so that Part 2 seatsed against
an "0" ring and sealed the chamber, At about 3,000 psi the projectile
sheared, leaving a ring (Part 2) in the gun chamher, while Pert 1,
weighing approximately 1 gram, acted as the projeciile, The projectiles
were gonstructed from a linen=bmss phenolic plastis,

14, The loading was aacomplished hy hlaedinz air frorm a 1500 pal
supply bottls into an air-operated anmpressor, which compressed it

3
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8lowly into the chamber (sees Figures 5 and 6), Control of the mmts of
feed mas maintained by suitadle valves,

15, Mgure 5 shows twe of the arrangementa usad, To the rinht is the
0,575" ohamher ani 42,5 om, arrel, and to the lsft is the 2,44"
chamber and 77,5 om, barrel, The comprassor ap ears in the center,
In front nf the largar chamber the chronngraph can bs seen, This
consiated »f an aluminum frame on which the thras scresns were mnunted,
These screens were spaced at 50 om, intervals, the first heing placad
50 oms, from the musz:le of the gun, The screens were a fine rrads of
light drafting paper upon whioh a printed grid was mads with sllver
conducting paint, When the screens were punctured dv the bullet, the
slsctrical continuity was interrupted and the counters were onerated
i{n proper seguencs,

PROCEDURE FOR FIRIMNG

16, The shear-type projectile was placed in the barrel, which was
than screwed into the nut attached to the chamber, Air was bled
slowly from the supply bottls, compressed by the air compressor, and
fed to the chamber, At about 3,000 psi, the design shear pressure,
the projeotils would shear and “ravel down the barrel, During free
flight it would break the screens and operats “~s counters, and it
would finally ocome %o rest in the tutt, Temperuture was read during
the pumping process, and the bullet weight was measured aftsr firing,
so that all of ths parameters were determined,

METHOD OF ANALYSIS

17, Por each of ths ten sets of firings made, the initial pressure
(P,), bore avea (A), length of travel (x), and room temparaturs were
alg determinyd at the time of firing, The mass of nrojectile (M) was
determinad by weighing aftsr sach set of tests, From thes tempsrature
it was possible to caloula‘s the initial s uni velocity (a_), or the
impatus, which is proportional to aoz. In addition, the cdunter read-
ings provided the averags velooity at 75 om, (uy) and 125 cm, (up) !‘rsu
the rugzle, It was thus podsible to plot dimc%

for all the tasts,

18, Sinca uj and uy w°re botn xnown, an approximate drag coefficient
could be dstsrmined and the muszle velnoity (u,) calculated, For a
given sat of firings u, and were averaged, and a drag coefficient
based on this averags ‘as de:%mined and roughly checked againat drag
cestficionts of blunt-nosed missiles, Mgure 11 is a plect of the
experimental drag coefficient vs Mach number, The correction for drag
was made as outlined in Appandix I. This exparimental value of drag
coafficient was then used %o cmlculate the avaraga muzzls valocity
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(uy) based upon the averaye sxpsrimental velooity at 75 oms, (u;) for
ea oh sot of firings,

19, It was thus possidle to plot um/a, vs (P Ax/ka 2) for each ast,

This provided ten points, reprssenting the teR poasgble combinations

of barrels and chambers, The points for sach size chamber (e.g., 0,75°
chambsr, 42,5 om, barrel; and 0,75" chamber, 7'7 5 om, barrel) were joined
by a streight line to give curves of um/a ve (P.Ax/Mg2) with chamber
diapeter as pammeter,

20, By using the resulta given in reference (1), a curve of

ug/ag vs (P,Ax/ﬁa ) can be obtained for the vase of optimum chambrage
and also for that of uniform bore, These curves hold for wvacuum ahead
of the projeotile and must be corrected for the experimental conditions,
This was acocomplished by caloulating the back pressure effect of the air
in the barrel in front of the projectils,

21, The pressure ahead of the nrojeotile can be caloulated i, use of
the method of characteristios, The unateady characteristio snquations
with terms to account for the entropy change are uisi =ith the shook
squations in a stepedy=atep rumerical computation., This ealoulation
was done for a oconstantediameter gun with initial ennditions *he same
as those of the experimints reported hare, (Ths datails of this cal-
oulation will be given in a futurs report,)

22, It was found from tha caloulation that the pressure=valocity
realation for the air directly in front of the projectile in this ocase
of relatively low Mach number is arproximately the same a3 for unsteady

compression without shooks or refleotad impulsssz

P=(+d)

where is the pressure in atmospherea in front of the projesctiles,

4 18 the projectils velocity, and @, is the initial sound vaelecity
of the air in the barrel, The above pregsureevelocity relation was used
to acoount for the sffect of the resistance of the air in ths barrel
on the projectils in the chambered guns,

23, By applying a correctlion for air resistance to ths theoretical
curvss, it is possible tc compare them dirnctly with the sxpsrimental
one as plotted on a uy/a, vs (2, Ax/ua ) = ® graph, If this is dene,
it is found %that the exper*:ental cu-ve for a aniforn bore falls below
the theorstical one, This is tc be expactad, s'nce friction and gas
lsakags are ignored in the theorstical considerations,

24, It is, therafore, necassary to make some correction for frictien,
If it 19 assumed that friction frores is a function of veloeity ora

functior of propslling pressurs, since ths rangs in valocitiss and )
propslling prassures is relatively small for a given ¥ (and, thersfore, .

5
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in chis (186 a givan tarrel), it seems masonable that the frietion
effeot is approximately tha same [or all champersy fired with the same
initial oonditions and the same length tarvel,

FESULTS

25, Mgure 8 is a plot of uy/a, vs (Pohx/Ma %) as determined directly
froa the axperimsntal data, "Fach atmgght lxno’ represents the same
chamber and was fitted to the data on the basis of the lsast mean square
caloulation, The proladls error in the sxperimental values is about
0.02 in uy/ag, The zffect of inoreasing diamater is olearly apparent,
The data presented in Figure 9 were obtained by taking the average
values of the noints given in Mgure 8 and correcting them for drag

loss in order to obtain muszsle velooity u,.

26, Ths next step was to correct the curves givan in M zure 5 for bore
friotion, This was done by shifting the sxperimental uniform bore

curve into coincidence with the theorsticul ourve,™® The sams correction
for friction was then applied to the expsrimental results for all
chambers, The resulting curves are given in Mgure 19,

27, By the use of Mgure 10 tha velooity increass due to chambrans
can be plotted against diameter ratio. The increass is plotted in
Mgure 2 in terms of parcentage of the maximum possible inursase for
values of ® » 10 and X = 20,

CONCLUDING REMARKS

28, The satisfactory agreemsnt bstween the expsrimental and theo=
retical results (see Mgure 2) indicates that the assumptions used in
the theory are valid, Thus, the use of the steady astnte equations
at the junotion 'etwesen the chamber and bore seems justified.

29, It is to be smphasizsd that the conditions for which this study
is applicable aras not satisfied by conventional guns, and caution must

#The theory indicated that these lines, instead of being straight, are
actually curved, In the range under consideration, howsver, this curvae
ture is small and & straight line approximation is within the accuracy
of the data,

#* Prom previsus results with an sxpsrimental uniform=bors gun of the
type used hsre, it was found that differences between ths sxperimental
and theoretical projectile bshavior could be attributed to fristion
hetwsan ths projsctile and the barrel (see refersnce (c)),

6
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be sxercised in the application of these resnlts ‘o such guns, Por
conventiona) guns (i,e,, in whioh ths pronellant burns during the
projectile motion) the velocity gain from chambrngs can be lasa or
more than shown in Mgure 2, depending on “he rate of burning of the
propellant, #ith the aid of Appendix IV of referencs (a), it can be
demonstrated that for a conventional gun, in whiah the propellant

burns s0 as to maintain a constant peak chamber nressure Auring the
propallany motion, the maximum velooity zain over a gun with no chambrage
is about 7 percent, This parcent velocity gain is smaller than the 28
percent obtainable from a presburned propellant in a gun of the tvpe
vonsldersad here; the smaller 7ain is due to the fact thal the ocun-
ventional gun can achieve a pressure-sustaining affect behind the pro=-
Jactile from the continued burning nf the pronseilant, thus lsaving lsss
roon for gain from chambrags, This pressure-sustaining effeoct “rom
continued turning is more and more 1ifficult to obtain as orojsctile
velocities are incransed (becauss »f ths high ratss of tirning required
to maintain the chamber pressure), but a nressure-gustaining effact
from chambrage is obtalmabdbla at high valncitiesg, Thus, tho ‘188 of
chambrage is particularly advantageous in high=velscity conventional
guns,* NAVORD Repcort 3717 (in prenaratinn) givas n asproximats nethod
sf treating chambragse in conventinnal ~un claculations,

30, The conditions of preburned propellant ani long chambar for which
this study is applicabls are approachsd in som: unorthodisx muns, Such
guns are now ir. use by ths Aeroballiastic Rssyareh Jsnartmant of the
Naval Ordnance laboratory., Ths results :f thius study are neing applied
directly to theas Dunh,

*Note that this iiscussion asssumes that the nronsllant burms nnly in the
chamber; if unburned propsllant is nushed along the barrel and than is
burned, an additional pressure-sustaining effect behind the projectile
results,

7
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APFUNDIX I
Gun lat acreen 2nd nereen ird sorenn
— e Xy -
— . T
Symbols

u - Average velocity cover range x; = X,
uy = Average veloocity over rangs X; - X3
u, = Muzzle veloolity

f = Adr Density

od = Drag coefficlant

A = Area of bullet

M - Mags of bullet

The do;elemtinn of the projectile in free flight ls
4 — L a4 __
gt=-tS@pu = u %y

letting 2= '{ f Qﬁﬂ and assuming Cq ia constant over the range
considered,

% U
- ﬁ;( l = /fm U

a Ve
whare subscript "a"
ﬁ = ijr’l I —3— refers to any ref-

. a srenne point,
(%, <
B! X 7.)

and uw = L(,,E
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L
In connection with tha experimental firinszs, "y and uy are xnowm
from the ecountor rmaadinss, Thorefore,

— o Un s
@ < &_—_ﬁs e Xg = gagxl _xl> u}

g
e

or
/3 X1 Xo Y,

Since everything Ls knavm on tho right side of this equation, i
can ' caloulated, Mgurme 11 ropresents the hast straipght line
through the 4 values caleulnted from thn exmerironts, WHext,

by naing the valus of & taken from this eurve, it is nosaible ¢5
obtain the muzzle veloeity, aince

X =Xe Yoo X +=Xo
I S

In all of the axmarirantal firings Xy = 30 em,, ®3 = 100 em,, and
x2 = 150 em, Therefore,

10
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Dopartrent of the Air Force 1
Hq. USA®, DCS/D

wWashington 25, D. C,

altni AFDRD-AN, Maj, H, R. Schmidt

Commanding 7eneral

wright &ir Davelopmant Center
Wrlght-Patterson Air Force Hase
ohio

Attn: WCEGH-2

Attn: WCLPN-2

Attn: WCRRC

—

Commanding General 2
Aberdeen Proving Ground
Maryland
Attn: Ballistic Research Laboratories
ORDBG-BLI

Commanding GCeneral 2
Frankford Arsenal

Brldgze and Tacony Streets

Philadelphia, Pennsylvania

Attn: Pltman-Dunn laborutory

Department of the Army

Office, Chief of Ordnance

washington 25, D. C.

Attn: ORDTA - Propellant and 1
Primer Section

Attn: ORDTU

Attn: ORDTX-AR

Attni OQRDTR

(RN

Comrmanding Officer 3
Office of Ordnance Research

Box CM

Duke Station

Durham, North Carolina

Commanding Officer 2
Picatinny Arsenal

Dover, New Jersey

Attn: Library

Commanding General 2
Radstona Arsenal

Huntsville, Alabamu
Attn: Technical Library




Commanding General

White Sands Proving Ground
Las Cruces, New Mexico
Attn: Teohniocal Librarian

Department of the Nawy
Pureau of Aeronautics
Washington 25, D, C,
Attn: Sla5

Departzent of the Navy

Bureau of Ordnance

Washington 25, D, C.

Attn: Ad3, Techrical Lidbrary

Attn: Reza
Attar Re2d
Attn: ReSe
Cosmander

U. S. Raval Air Missile Test Center
roint Mugu, California
Attn; Techniocal Library

Commanding Off.cer

U. S, Naval Air Rocket Test Station
Lake Denmark

Dover, New Jarssy

Attn: Technieal Library

Commanding Officer

U, S. Naval Powder Factory

Indian Head, Maryland

Atitn: Researsch and Dovelomment Department

Comrander

Ul SA Nﬂval mﬁng Ground
Dahlgren, Virginia

Atén: M, T, Division

Commender

U, S, Naval Ordnance Test Station
Inyokern, China Lake, California
Attn: Technical Library Branch

Department of the Navy
Office of Naval Research
Washington 25, D, C,
Attn: Code 429

Cunmanding Officnr
0fficy of Raval Research
Branch Office

86 E. Rendolph Street
Chicago 1, Illinois
Attn: LTJG. M, C. Laug
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Commanding Officer
Office of Naval Research
1330 E, 4reen Street
Pasadena 1, Californiea

Departrent of the Navy
Bureau of Asronautics
Washinzton 25, DO, C.

Attn: T4

Asrclet-Teneral Corporation

P. C. Box 296

Agusa, Californis

Attn: Lidrarian via INSMAT
Allegany Ballistics Laborazory

P, 0, Box 219

Cumberland, Maryland via INSMAT

Armcur Researsch Foundation of

I1linois Inatitute of Technology

Technology Center

Chicage 16, Illinois vis INSMAT

Attn: Propulsion and Structures
Research; Departzent M

Atlantia Research Corporation
812 North Fairfax Streat
Alexandria, Virginia via INSMAT

Bureau of Mines
4800 Forbes Street
Pittsburgh 13, Pennsylvania
Attn: Explosives & Physlcal Sclences Division

Es I, du Poent de Nemours and Company
10th and Market Streeta

Wilmingtoun, Delawnre via TNSMAT
Attn: W, F, Jackson

The Franklin Institute

£0ith and Perkway via INSMAT

Philadelphie 2, Pennsylvania

Attn: Cherdeal Kinetics and 3pectroscopy
Sestion, W. E. Scott

Coodyear Aircraft Corporation

121D Massillon Road

Akron 135, Qhio via INSMAT
Attn: H. E, Sheets
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Hughes Airsraft Company

Flcorence Avenuo at Teale Street

Culver Clty, California via INSMAT
Attny M, C, Beebe

Prector

Jet Propulsion laboratory

4800 0=k Srove Drive

rasadena 3, Californla via INSMAT

The M. W, Kellogg Company
Foot of Danforth Avenue
Jersey City, Naw Jerasey via INSMAT
Attn: Special Projects Department
Rs A Miller

Arm Do uttla, Inc.
30 Mamorial Drive
Cambridge 42, Massachuretts

Attﬂ: w. A' Savyer | via INSMT
Arthur D, Little, Inc,

30 Memorial Drive

Cambridge 42, Masvactusetis _._ ., cuin

Attn: W. C, Lothrop

Midwes® Research Institute

4049 Pennsylvania

Kansas City, Missouri via INSMAT
Attn: Technical Director

University of Michigan

Engineering Research lnstitute

Ann Arbor, Michigan via INSMAT
Attn: J., C, Brier

Navel Ordnance Rerearch

Scheol of Chemiatry

University of Mirnesota

Minneapolis 14, Mirnesota  via IN3MAT
Attn: B, L. Crawford, Ir.

Pnillips Petroleum Company
Martlesville, Oklahoza via INSMAT
Attn: J, P, Alden
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Purdus Undveraity

Dopartasnt of Chemistyry

Lafayotte, Indiana via INSMAT
Attny H, Feuer

lwhe and Haas Coapany

Redstone Arsenal Rassarch Diviaioen
Runteville, Alabams via INSMAT
Attn: Technical Director

Solid Propellant Toformation Agmey
Applied Pliysios lLadborstory
The Johns Hopkins University

Silver Jpring, Maryland via INSMAT

Attns P, K, R.‘l" JTr

Standaxd 041 Company

Research Departiment

P. 0. Box 431

whiting, Indiana ria INSMAT
Attn: W. K. lahlke

Thiokol Chemical Corporaticn
Redstone Arsenal ,
Runtaville, Alabaze via INSMAT
Attns Technical Direator

Thiokol Chemical Corporation

780 N, Clinton Avenue

Trenton 7, New Jersey via INSMAT
Attn: H. R, Ferguson

Thiokol Chemical Corporation

Elkton Diviadon

Flkten, Maryland via INSMAT
bty D, W Kershner

U. 8, Rubber Cospany

Genaral laboratories

Market and South Streets

Passaic, Naw Jarsey via INSMAT
Avtn: P, O, Tawney

Reaction Motors, Ine,
Rockaway, New Jersesy via INSMAT
Attn: lLibrarian

No, of Coples




Phillips Tetrolewm Company

P. O, Box 848

Modregor, Texas via INSMAT
Attns Librarian, J. Wise

University of Arkansas

Institute of Science and Technology
Fayettovilly, Arkansas via INSMAT
Attn: M. 1. Edmison

B. F. Goodrich Company

Research Center

Brecksville, Ohio via INSMAT
Attn: Vice President/Researeh

Universal Match Corporation

P. 0., Box 191

Perguson 2, Missouri via INSMAT
Attn: Res. and Dev, Division

British Joint Servicas Mission
Technical Services

1800 K Street, N, ¥,
Washington, D. C,

Attns C. 0. lawson

Via: Departaent of the Navy
Burea of Ordnance
washiagtoa 25, D. C.
Attnt Ad8

Canadian Joint Staff

ml conn.ouwt A'Qo, No .

Washington 6, D, C,

Attn: Defenss Research Maaber

Via: Derartmsnt of the Navy

Purcan of Ordnance
Yaghington 25, D. C,
Attas A48

Catholio University of America

7¢h St. and Michigan Ave,, N. E.
Washingten 17, D, C, via INSMAT
Attn: P, 0. Rice

Datroit Controls Corporation

806 Chaastnut Street

Redwood City, California via INSMAT
Attn: Research Director
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Superintendent
U. 3. Naval Oun Faoetory
Waghingion 2%, D, C,

Redel, incorperated
7405 Varna Street via INSMAT
North Hollywood, Califernit

Mathieson Chemical Corporsiion
Ressarch Division

Niagara Falls, New York via INSMAT
Experiment, Incorporsted

Po 0. BOX I-T

Richmond 2, Virginis vin TNSMAT
Attn; Librarian

Navy Research Section

Library of Congress

¢/0 Technical Information Nvision
washington 25, D, C,

Qffice of Naval Research
Departzent of the Navy
Washington 25, D, C,

Attn: Code 463

Cornell Aercnautical lLaboritery, Ine.
4455 Genesee Street
Buffalo 21, New Yorxk
Attn: Mr. J. 7. Grey

via INSMAT

0lin Industries, lne
Winchester Division
New Haven, Connectiout
Attns Mr, R, S. Holmes

via INSMAT

Stanford Research Institute
Palo Alto

Calif
Attn :om‘nn‘i&n
Hercules Powder Company

Wilmington, Delaware
Attn: Laboratery

via INSMAT
via INSMAT

Cormanding Officer (R & D) (PC)
Springfield Armory
Springfield, Mass.
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